Actinomyces is an anaerobic, gram-positive bacillus that is known to cause chronic granulomatous infections. Common risk factors predisposing patients to this life-threatening infection are recent dental procedures, immunosuppression from malignancy, or history of smoking and alcohol use. Actinomyces, commonly found in the normal flora of the oral cavity, is one of the pathogens that can cause Ludwig's angina. Ludwig's angina is diffuse cellulitis and edema of the soft tissues of the neck and floor of the mouth. Cervicofacial actinomyces is an invasive infection that can form life-threatening abscesses through its rapid spread. Actinomyces turicensis is an isolate that has emerged recently to cause infections in humans. There are few reported cases of this species causing abdominal and genital infections; however, there is no report of it invading the cervicofacial space. A feared complication of Ludwig's angina and cervicofacial actinomyces is airway compromise. Therefore, prompt initiation of intravenous antibiotics is required for the treatment and prevention of deadly complications. We present a patient with left-sided neck swelling after a recent oral surgical procedure and was found to grow Actinomyces turicensis on wound culture. The patient was treated with intravenous ampicillinsulbactam, which not only decreased the swelling but improved the necrotic appearance of his abscess wound.
Introduction
Actinomycosis is a chronic granulomatous infection. This unique microorganism is an anaerobic, filamentous, non-sporeforming, gram-positive bacillus that can be seen in the normal flora of oral, gastrointestinal and genital tracts [1] . Actinomyces spp. can cause severe infections if the organism infiltrates exposed tissues. The most common form is the cervicofacial actinomycosis. Patients who are at high risk for this life-threatening infection have typically undergone recent dental procedures or have had some sort of dental trauma. Other risk factors include immunosuppression from malignancy and a history of smoking or alcohol use (1) .
Ludwig's angina is diffuse cellulitis and edema of the soft tissues of the neck and floor of the mouth. It originates in the submandibular gland and progresses to other spaces. The most common causative bacterial agents are Streptococci viridans, Staphylococcus aureus, and Staphylococcus epidermidis [2] .
Typically, it is a polymicrobial infection involving those listed above along with anaerobes such as Actinomyces spp. and Peptostreptococcus spp. [2] . Mortality used to be greater than 50% mostly due to airway compromise; however, this has decreased significantly since the introduction of appropriate antibiotics and increased education on good dental hygiene [3] . Appropriate therapy includes maintenance of the airway, intravenous antibiotics, and surgical intervention if indicated [4] . Actinomyces turicensis is an emerging new isolate that can cause human infections [5] . It has been linked to meningitis and gynecological infections, however, it has not been associated with Ludwig's angina in the past. Here we present the first case of Actinomyces turicensis presenting as cervicofacial actinomycosis causing Ludwig's angina.
Case presentation
A 61-year-old male with a medical history of oral cancer status post chemotherapy and radiation therapy in remission presented with oral bleeding.
The patient was previously seen one month ago for extensive oral cavity bleeding, which required cauterization of the left retromolar area. He required 4 units of packed red blood cell transfusions. He was discharged once there were no further episodes of bleeding and his condition stabilized. One week since this procedure, he reported increased swelling in the submandibular region bilaterally, more so on the left side of his neck. Two weeks prior to this admission, he reported increasing pain that was dull and 7/10 in intensity, localized to his left neck. On the morning of this admission, he was noted to have a small amount of oral bleeding and decided to come to the hospital for further evaluation.
Upon initial presentation, he was afebrile with a heart rate of 71 beats per minute, respiratory rate of 14 breaths per minute, blood pressure of 135/65 and oxygen saturation of 89% on room air. On physical examination, he was awake, alert, and in mild respiratory distress. On neck examination, there was an 8 by 5 cm left-sided fluctuant mass with central darkening and serous drainage and a right-sided 4 by 4 cm fluctuant mass. There was no evidence of stridor or visible oral bleeding at this time. He was started on intravenous (IV) Vancomycin and Piperacillin-tazobactam on admission. Due to the concern of recurrence of oral cancer, ENT and oncology were consulted.
Computerized tomography (CT) neck soft tissue with and without contrast showed a mass-like infiltration involving the larynx and deep spaces of the neck, more significant on the left side with a mild narrowing of the supraglottic airway. Magnetic resonance imaging (MRI) neck soft tissue showed diffuse soft tissue swelling involving the deep spaces of the neck, base of the tongue, and left submandibular region with fluid measuring 1 cm surrounding the left sternocleidomastoid muscle. A CT guided biopsy of the neck was performed and showed benign, suppurative material consistent with abscess contents.
As his hospitalization progressed, the left side of his neck seemed to have a draining opening with a necrotic appearance associated with a foul smell. Wound culture was positive for Actinomyces turicensis. Infectious disease (ID) was consulted for further antibiotic management. His antibiotics were switched to IV Penicillin G, levofloxacin, and metronidazole. He also underwent aggressive bedside wound debridement of the necrotic tissue. The patient had significant improvement of the swelling after seven days of antibiotic treatment, thus precluding the need for surgical intervention. His clinical status was improving and upon discharge, ID switched the antibiotics to IV ampicillin-sulbactam. He required long term IV antibiotic treatment for four to six weeks before he could be transitioned to oral antibiotics. He was discharged home with home health and IV ampicillin-sulbactam for a total of six weeks.
Discussion
Cervicofacial actinomycosis is a rare, invasive bacterial disease that can lead to the development of life-threatening abscesses through its rapid spread. Actinomyces spp. are filamentous, anaerobic, gram-positive bacilli that typically reside in the normal flora of the human oral, gastrointestinal and genital tracts [6] . This specific microorganism has the potential to cause serious infections when it invades exposed tissue or lesions. It can develop into a chronic granulomatous infection with characteristic sulfur granules and fragments. The components of the yellowish sulfur granules are clusters of bacteria confined within a biofilm [6] . While there are many predisposing conditions involving the pathophysiology pathway of cervical actinomycosis, the most common mode of transmission is through oral mucosal trauma such as dental extraction or gingival trauma [6] . Actinomyces is often misdiagnosed and can present under the guise of malignancy [7] .
Actinomyces spp. are a known cause of Ludwig's angina, which is defined as diffuse cellulitis involving the submandibular, sublingual or submental spaces, characterized by its ability to rapidly spread to the surrounding tissues [8] . It usually starts as a submandibular space infection, later spreading to the sublingual space on the ipsilateral side [9] . The major cause of Ludwig's angina is odontogenic infection with penetrating injury to the floor of the mouth [9] . Initially, the swelling can be confined to a particular area but can lead to major respiratory complications via rapid lymphatic spread. Airway management remains a top priority in these patients as this is primarily the leading cause of death [8] . Early detection and immediate initiation of treatment with antibiotics are essential in preventing life-threatening complications, such as necrotizing fasciitis and airway obstruction. Ludwig's angina is a medical emergency, especially in its later stages. Emergency cricothyroidotomy or tracheostomy is indicated in patients who are unable to maintain their airway [8] . For those patients who develop abscesses, such as those from cervicofacial actinomycosis, and are unresponsive to medical management, surgery is indicated for decompression of the oral space and external incision and drainage ( Figs. 1 and 2) . A thorough history and physical is required to clinically make the diagnosis of Ludwig's angina. Patients should always be questioned about recent oral cavity or dental procedures. In our case, the patient had a cauterization of the trigone cavity area weeks prior to developing the infection. This was determined to be the known cause of cellulitis. Ludwig's angina is commonly polymicrobial as this is the normal flora of the oral cavity. The most common organisms are Streptococcus spp along with anaerobes such as Peptostreptococcus spp. and Actinomyces spp. [8] .
Actinomyces turicensis is a rare isolate from the Actinomyces genus. There are a limited number of cases reported regarding this particular organism causing human infections, but no reports of association with Ludwig's angina. Actinomyces turicensis has been described as a microorganism involving genital, urinary tract and skin infections most of the time [10] . The table below provides a thorough description of the different types of infections, mainly abdominal or gynecological, caused by this species (Table 1) .
In conclusion, with the increased availability of broad-spectrum antibiotics and the education provided on proper oral hygiene, the incidence of Ludwig's angina has decreased and is now a rare emergency in the United States [8] . Cervicofacial actinomycosis is uncommon, however, when presented it can be treated effectively with IV antibiotics, specifically Penicillin, for four to six weeks. Prompt evaluation and initiation of treatment are required to prevent the mortality of this severe infection.
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